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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to high efficiency 
low frequency amplifiers, commonly referred to as 
class-D amplifiers and particularly though not exclusive- 
ly to class-D audio amplifiers. 

BACKGROUND OF THE INVENTION 

[0002] The efforts for reducing energy consumption, 
weight and size of heat sinks of manufacturers of con- 
sumer apparatuses, for example in the field of car en- 
tertainment, have generated a demand for power am- 
plifiers with a greater efficiency than the traditional 
class-AB amplifiers. 

[0003] So-called class-D amplifiers have been pro- 
posed to respond to these requisites. Substantially, 
these amplifiers include a DC to AC converter circuit 
(DAC), which produces a PWM outputsignal. This PWM 
signal drives output power devices that through a pas- 
sive lowpass filter for reconstructing an amplified analog 
(audio) signal drive a load (for example a speaker) that 
may be a part of the lowpass filter. 
[0004] The analysis of the behavior of a single ended 
amplifier with an analog input and a PWM output (a 
class-D amplifier) is described in the paper "Analysis of 
a quality class-D amplifier", F. A. Himmelstoss, et al., I. 
E.E.E. Transactions on Consumer Electronics, Vol. 42, 
No. 3, August 1996. 

[0005] On the other hand, the increasing interest in 
digital audio signal processing will make more conven- 
ient in many occasions to use digital amplifiers rather 
than analog amplifiers. 

[0006] Presently, there are no known commercial ap- 
plications of digital input amplifiers but few articles that 
describe possible design approaches: 

♦ "Noise shaping and Pulse-Width Modulation for All- 
Digital Audio Power Amplifiers" by J.M. Goldberg 
and M.B. Sandler, Journal Audio Eng. Doc, Vol. 39, 
No. 6, 1991 June. This system described does not 
use any feedback circuit on the final stage, which 
to some extent penalizes the performance in terms 
of distortion and noise rejection. The performance 
appears to be strictly dependent on the character- 
istics of the components of the power stage (Fig. 8); 

♦ "All digital Power Amplifier Based on Pulse Width 
Modulation" by M.S. Pedersen and M. Shajaan, 
presented during the 96th AES convention (Audio 
Engineering Society), 26th February, 1st March, 
1994, in Amsterdam. According to this design ap- 
proach there is no feedback circuit. The system ap- 
pears to be burdened by resorting to a linearized 
PWM; 

♦ "A Sigma-Delta Power Amplifier for Digital Input 
Signals" by Klugbauer-Heilmeier presented during 



the 102nd AES (Audio Engineering Society) con- 
vention 22nd-25th March, 1997, in Munich. The ar- 
ticle describes a pulse density modulation (PDM) 
amplifier requiring a high switching frequency be- 
5 sides an antialiasing filter in the feedback path. 

OBJECT AND SUMMARY OF THE INVENTION 



[0007] The main objective of the present invention is 
io to devise a digital input PWM power amplifier function- 
ing at a relatively low switching frequency in order to 
achieve a high efficiency, being easy to make and hav- 
ing a low sensitivity to the spread of the actual values 
of the parameters of the circuit's components, and able 
15 to function at the lowest possible driving frequency of 
the PCM/PWM converter, without requiring integrated 
lowpass filters. The only filter of the system being a low- 
pass filter connected in cascade of the amplifier output, 
which is in any case always present in switching output 
20 stages. 

[0008] These important objectives are effectively at- 
tained by the amplifier of the present invention. 
[0009] Essentially, the PWM power amplifier of the in- 
vention comprises an oversampling and noise shaping 

25 block receiving PCM (Pulse Code Modulation) input dig- 
ital data, organized in words composed of a certain 
number (M) of bits and outputting PCM digital data con- 
verted into words composed of a lower number (N) of 
bits than the number of bits of the input data (M>N) at a 

30 multiple bit rate (Fin*k) of the bit rate (Fin) of the input 
data. 

[0010] A first bus transmits a first fraction (P) of most 
significant bits (MSB) of the words output from the first 
block and a second bus transmits the remaining (S) 
35 (east significant bits (LSB) of the words output from said 
first block. 

[0011] Each of the first and second PCM/PWM con- 
verters, fed with data transmitted on the first and on the 
second bus, respectively, is composed of a counter that 

40 is reset by the transitions of the digital value of data fed 
to the respective converter. The converter functions in 
an up/down mode and is fed with at least a clock signal 
(Fclock) whose frequency is equal to the multiplied bit 
rate (Fin*k) of the data transmitted on the respective bus 

45 of the converter multiplied by the base 2 raised to the 
relative number of bits two (P or S) of the transmitted 
words and generate reference digital words composed 
by the respective number of bits (P or S), representing 
incremental and decrementa! digital values, defining 

50 single or multiple slope rising and descending ramps of 
digital values, whose rate is identical to the bit rate of 
the data fed to the converter. A digital comparator re- 
ceives through a first input the reference digital words 
generated by the up-down counter and through a sec- 

55 ond input the input data and outputs a PWM digital sig- 
nal (MSBdlg, LSBdig) at a switching frequency equal to 
the bit rate of the input digital data stream. 
[0012] The PWM output signal (MSBdig) of the first 
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converter that receives the fraction (P) of most signifi- 
cant bits is summed on the inverting input node (-) of a 
final power amplifying stage of the amplifierto the PWM 
output signal (LSBdig) of the second converter (LSB- 
dig), preventively attenuated by a ratio equivalent to the 5 
base 2 raised to the number (S) of bits transmitted 
through the second bus to the input of the second con- 
verter. 

[0013] The pair of PCM/PWM converters may be of 
the single or multiple ramp type. 
[001 4] The use of double ramp converters, that is with 
a succession of rising and falling ramps (that is a refer- 
ence signal substantially of triangular waveform) en- 
hances the amplifier performance in terms of distortion 
and of signal to noise ratio, compared to a single ramp 
converter (that is using a saw-tooth reference signal). 
[0015] The output signal produced by the single final 
power stage in the case of a single ended amplifier or 
of the two final power stages in the case of a bridge con- 
figuration, that is, upstream of the lowpass analog signal 
reconstructing filter(s), is a PWM signal whose frequen- 
cy is equal to the output signal (MSBdig) produced by 
the first converter but having a different duty-cycle in 
function of the following parameters: 

a) supply voltage of the final power stage; 

b) nonlinearlty and losses of the final power stage; 

c) correction made to the signal (LSBdig) output by 
the second converter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 6] The various aspects and advantages of the in- 
vention will become even more evident through the fol- 
lowing description of several embodiments and by re- 
ferring to the annexed drawings, wherein: 

Figure 1 is a block diagram of the basic structure 
of the PWM power amplifier of the invention, ac- 
cording to a first embodiment; 
Figure 2 shows the internal structure of the final 
power stage; 

Figure 3 shows the internal structure of each of the 
two PCM/PWM converters, according to a single 
ramp embodiment; 

Figure 4 shows the operation waveforms of the 
PCM/PWM single ramp converter; 
Figure 5 is a block diagram of the basic structure 
of the amplifier of the invention according to an al- 
ternative embodiment relative to the use of double 
ramp PCM/PWM converters; 
Figure 6 shows the internal structure of the PCM/ 
PWM double ramp converter; 
Figure 7 shows the operation waveforms of the 
double ramp PCM/PWM converter; 
Figure 8, 9, 10 and 1 1 show different embodiments 
of a bridge amplifier according to the present inven- 
tion. 



DESCRIPTION OF SEVERAL EMBODIMENTS OF 
THE INVENTION 

[0017] By referring to the basic scheme of Fig. 1 , each 
digital M bit word of the digital input data stream with a 
(Fin) bit rate, is converted by way of oversampling and 
noise shaping techniques into an N bit word of a lower 
number of bits than the input words (M>N) and with a 
multiple bit rate, Fin*k. 

[0018] The N bits that compose the output words of 
the noise shaping and oversampling block are divided 
on two distinct buses. The first bus transmits a first frac- 
tional number P of most significant bits (MSB) while he 
second bus transmits the remaining number S of least 
significant bits (LSB). 

[0019] The most significant bits (MSB) are sent to a 
first PCM/PWM converter whereas the S least signifi- 
cant bits (LSB) are sent to a second PCM/PWM con- 
verter. 

[0020] The subdivision of the N bits into which the M 
bit PCM input digital data are reorganized permits to em- 
ploy clock frequencies not excessively high when con- 
verting the PCM data to a PWM signal. Indeed, assum- 
ing a transformation into a PWM signal of a 1 6 bit PCM 
signal at 44.1 kHz without a detectable degradation of 
the signal/noise ratio, it would be necessary to use a 
sampling clock of 441 00»2 16 =2.8GHz, which is substan- 
tially beyond the possibilities of implementation in 
present integrated circuits. 

[0021] Another problem that is overcome by such 
subdivision is that the switching frequency of the output 
PWM signal, that for the example considered is 44.1 
kHz, would be in any case too close to the maximum 
frequency to be played-back (generally of about 20kHz 
in an audio system), causing problems of harmonic dis- 
tortion, of linearity and of signal residues with the PWM 
switching frequency downstream of the reconstructing 
lowpass filter. 

[0022] Considering that the switching frequencies of 
PWM amplifiers are commonly comprised between 
1 00Hz and 500kHz, and assuming a switching frequen- 
cy of the PWM signal sufficiently far from the audio band, 
for example about 441 00»8=352.8kHz, with a number P 
of MSB equal to 6 and the number S of LSB equal to 6, 
the clock frequency required by the PCM/PWM convert- 
ers is 352800»2 6 =22. 57MHz, which may be easily han- 
dled with present fabrication techniques of integrated 
circuits. 

[0023] Fig. 2 shows the internal structure that may be 
used to realize the final power amplifying block. 
[0024] This class-D power amplifying module is de- 
scribed and illustrated in the European patent No. 
98830685.8, filed on 1 3th November, 1 998, in the name 
of the same applicant. The circuit does not require the 
generation of a reference triangular wave or any self- 
oscillating structures, making it usable also for analog 
inputs. Different inputs may be selected by a dedicated 
input configuration network (not shown as in the figure 
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it would be irrelevant in the present context). 
[0025] Figures 3 and 4 show respectively the function- 
al block diagram and the operation functioning wave- 
forms of each PCM/PWM converter used in the amplifier 
scheme of Fig. 1 , the signal indications being those of 
the first of the two converters fed through the P bit (MSB) 
bus. 

[0026] According to this embodiment, both converters 
are of single ramp type. The ramp is generated by a cy- 
clic and resettable up-counter, fed with a clock signal 
Fclock of a frequency equal to the product of the bit rate 
of the data transmitted on the respective bus and the 
base 2 raised to the number of bit in which the fed data 
are organized. 

[0027] The signal output from each of the two PCM/ 
PWM converters is a PWM signal, whose duty cycle de- 
pends on the MSB or LSB input data. 
[0028] By referring to the complete diagram of Fig. 1 , 
the pair of PWM signals obtained from the separate con- 
version of the two portions of bits, respectively MSBdig 
and LSBdig, are eventually added on the inverting input 
node (-) of the final power amplifying module, after the 
LSBdig PWM signal is attenuated, by a factor equivalent 
to a ratio equivalent to the base 2 raised to the number 
S of bits input through the second bus to the second 
converter. 

[0029] lnthisway,themain PWM signal MSBdig, gen- 
erated produced by the first PCM/PWM converter, 
drives by the output stage determining a switching fre- 
quency equal to Fin*K. On the other hand, the attenu- 
ated PWM signal LSBdig generated by the second con- 
verter PCM/PWM drives the output stage with a weight 
reduced by 1/2 S and thereby it does not affect the switch- 
ing frequency of the output power stage but modulates 
the output PWM signal compensating for nonlinearities 
and attenuating the noise introduced by the quantization 
of a reduced number P of bits of the main PWM signal 
MSBdig. 

[0030] An alternative embodiment of the amplifier of 
the invention is shown in Fig. 5. According to this em- 
bodiment, the use of double ramp PCM/PWM convert- 
ers determines a frequency of their respective PWM out- 
put signals halved in respect to the bit rate of the input 
PCM data. 

[0031] Figures 6 and 7 show respectively the function- 
al block diagram of the two PCM/PWM double ramp 
converters and the relative operation waveforms. The 
indications refer to the first of the two converters, fed 
through the P bit bus (MSB). 

[0032] Fig. 6 shows the feeding of a second clock sig- 
nal Fup/down with the same multiplied frequency Fin*K 
of the data input to the converter that synchronizes the 
ramp inversions. 

[0033] Of course the amplifier of the invention may al- 
so be realized in the form of a bridge amplifier by using 
two final power amplifying stages driven in phase oppo- 
sition rather than in a single ended form. 
[0034] By way of example, Fig. 8 shows the diagram 



of a bridge version of the amplifier, wherein the required 
inversion is implemented by inverting the data input to 
the second final stage of the power amplifier. 
[0035] Fig. 9 shows an alternative embodiment of a 

5 bridge amplifier of the invention with a phase shift bridge 
output architecture, which is relatively more complex 
than that of Fig. 8, though capable of providing for en- 
hanced performances, as described and illustrated in 
the above cited prior European patent application No. 

10 98830685.8 

[0036] Fig. 1 0 shows a further embodiment of a bridge 
amplifier of the invention in which rather than inverting 
the data fed to the input of one of the pair of final power 
stages functioning in phase opposition, the inversion is 

15 implemented by inverting the up-down command of the 
respective counters of the second pair of PCM/PWM 
converters, such to generate triangular reference sig- 
nals in phase opposition with each other. 
[0037] A fourth embodiment of the bridge amplifier of 

20 the invention is illustrated in Fig. 11. According to this 
embodiment, the PWM signals of double frequency 
compared to the frequency of the main PWM signal rel- 
ative to the conversion of the least significant bits are 
summed to the respective main PWM signals produced 

25 by the respective PCM/PWM converters fed with the 
most significant bits on the respective inverting input 
nodes of the two final power stages. 
[0038] Another characteristic of the correction oper- 
ated by the separate conversion of the least significant 

30 bits is a greater freedom because the correction current 
may be summed, subtracted or may not influence the 
main drive current signa! relative to the conversion of 
most significant bits. 

[0039] An advantage of a bridge embodiment of the 
35 amplifier of the invention is that the correction signal 
does not contain tones at the PWM switching frequency 
nor at frequencies near the switching frequency. Nota- 
bly, tones in a + 20 kHz band centered on the switching 
frequency are brought back in base band, causing an 
40 increase of the distortion and/or of noise. 

[0040] In all the embodiments shown in the figures, is 
indicated the use of simple resistors for coupling PWM 
signals to the inverting input of the final power stage or 
stages (RMSB, RLSB, ...); however, as it will be evident 
45 to the skilled person these coupling resistors may be 
substituted by current generators driven by the logic sig- 
nal output by the respective PCM/PWM converters. 



1 . A digital input PWM power amplifier comprising: 

an oversampling and noise shaping circuit re- 
ceiving pulse code modulated (PCM) digital in- 
put data organized in words of a first number M 
of bits at a certain bit rate Fin and outputting 
pulse code modulated digital data organized in 
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words of a smaller number N of bits at a multiple 
bit rate Fin*K; 

a first bus transmitting a first number (P) of most 
significant bits (MSB) of said N bit words output 
from said first circuit and a second bus trans- 
mitting a second number (S) of least significant 
bits of said N bit words output from said first 
circuit; 

first and second PCM/PWM converters, re- 
spectively fed with said first and second 
number of bits transmitted through said first and 
said second bus, each converter including a 
counter driven by a ciock signal (Fclock) of fre- 
quency equal to the product of the bit rate Fin*K 
of the MSB and LSB bits transmitted on the re- 
spective bus and the base 2 raised to the re- 
spective number of bits (P, S) generating refer- 
ence digital words composed of said respective 
number of bits (P, S), defining ramps of digital 
values with a frequency identical to said multi- 
ple bit rate Fin*K, and a digital comparator re- 
ceiving through a first input said reference dig- 
ital words and through a second input the re- 
spective first and second number of bits (MSB, 
LSB) and outputting a respective PWM signal 
(MSBdig, LSBdig); 

the PWM signal MSBdig output by said first 
converter, being summed to an attenuated ver- 
sion of the PWM signal (LSBdig) output by said 
second converter on the inverting input node (-) 
of an output power stage. 

2. The PWM amplifier according to claim 1 , charac- 
terized in that said first and second PCM/PWM 
converters are of the single ramp type. 

3. The PWM amplifier according to claim 1, charac- 
terized in that said first and second PCM/PWM 
converters, are of the double ramp type, said coun- 
ter being of the up/down type and generating refer- 
ence digital words composed of said second 
number (S) of least significant bits in the form of a 
succession of rising and falling ramps of a halved 
frequency compared to said multiple bit rate Fin*k. 

4. The PWM amplifier according to any of the preced- 
ing claims characterized in that is single ended 
and employs a single output power stage. 

5. A PWM amplifier according to any of claims 1 , 2 and 
3, having an additional output powerstage function- 
ing in phase opposition to the first one in a bridge 
arrangement in which the inversion of the driving 
signal to the inverting input of one of the two power 
stages is realized by inverting the PWM signals out- 
put by said pair of PCM/PWM converters. 

6. A PWM amplifier according to any of the claims 1 , 



2 and 3, employing an additional output power 
stage functioning in phase opposition to the first one 
in a bridge arrangement and in which the inversion 
of the driving signal of one of the two power stages 
is realized by inverting each of said first and second 
buses and duplicating said pair of PCM/PWM con- 
verters. 



7. A PWM amplifier according to any of the claims 1 , 
10 2 and 3 employing an additional output powerstage 

functioning in phase opposition to the first one in a 
bridge arrangement in which the inversion of the 
driving signal fed to the inverting input of one of the 
two power stages is realized by duplicating said pair 
15 of PCM/PWM converters, coupling the inputs of the 
two converters forming said duplicated second pair 
of PCM/PWM converters to said first and second 
bus without preventively inverting them but invert- 
ing instead the ramp inversion commands (Fup- 
20 down) of the two PCM/PWM converters of said du- 
plicated pair. 

8. The amplifier according to claim 7, characterized 
in that it also comprises means for inverting the 

25 pwM signals output by the PCM/PWM converters 
of said two pairs of converters that are fed with said 
least significant bits (LSBdig), second attenuating 
means (RLSB2+RLSB1-) of said inverted signals 
and means to respectively sum said inverted and 

30 attenuated signals on the inverting input node to the 
signals produced by the other PCM/PWM converter 
of the respective pair of converters. 



1. Pulsbreitenmodulationsleistungsverstarker mit di- 
gitalem Eingang, der aufweist: 

40 eine Uberabtastungs- und Rauschformungs- 

schaltung, die pulscodemodulierte (Pulscode- 
modulation) digitale Eingangsdaten 
empfangt, die in Worte einer ersten Anzahl M 
von Bits mit einer bestimmten Bitrate Fin orga- 
ns nisiert sind, und pulscodemodulierte digitale 
Daten ausgibt, die in Worten einer kleineren 
Anzahl N von Bits mit einer mehrfachen Bitrate 
Fin*K organisiert sind; 

einen ersten Bus, der eine erste Anzahl (P) 
50 hochstwertiger Bits (MSB) der N-Bit-Worte 

ubertragt, die aus der ersten Schaltung ausge- 
geben werden, und einen zweiten Bus, der eine 
zweite Anzahl (S) niedrigstwertiger Bits der 
N-Bit-Worte ubertragt, die aus der ersten 
55 Schaltung ausgegeben werden; 

ersten und zweite PulscodemodulationsVPuls- 
breitenmodulationswandler, die jeweiis mit der 
ersten und zweiten Anzahl der Bits verso rgt 
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werden, die durch den ersten und zweiten Bus 
ubertragen werden, wobei jeder Wandler einen 
Zahler, der durch ein Taktsignal (Fclock) einer 
Frequenz betrieben wird, die gleich dem Pro- 
dukt der Bitrate Fin*K der MSB- und LSB-Bits, 
die auf dem jeweiligen Bus ubertragen werden, 
und der Basis 2 hoch die jeweilige Anzahl von 
Bits (P, S) ist, der Bezugsdigitalworte erzeugt, 
die aus der jeweiligen Anzahl von Bits (P, S) be- 
stehen, die Rampen digitaier Werte mit einer 
Frequenz definieren, die identisch zu der mehr- 
fachen Bitrate Fin*K ist, und einen digitalen 
Komparator aufweist, der durch einen ersten 
Eingang die Bezugsdigitalworte und durch ei- 
nen zweiten Eingang die jeweilige erste und 
zweite Anzahl von Bits (MSB, LSB) empfangt 
und ein jeweiliges Pulsbreitenmoduiationssi- 
gnal (MSBdig, LSBdig) ausgibt; 

wobei das Pulsbreitenmodulationssignal (MSBdig), 
das aus dem ersten Wandler ausgegeben wird, zu 
einer gedampften Version des Pulsbreitenmodula- 
tionssignals (LSBdig) summiertwird, das durch den 
zweiten Wandler am invertierenden Eingangskno- 
ten (-) einer Ausgangsleistungsstufe ausgegeben 
wird. 

2. Pulsbreitenmodulationsverstarker nach Anspruch 
1, dadurch gekennzeichnet, daB die ersten und 
zweiten Pulscodemodulations-/Pulsbreitenmodu- 
lationswandler aus dem Einzelrampentyp beste- 
hen. 

3. Pulsbreitenmodulationsverstarker nach Anspruch 
1, dadurch gekennzeichnet, daB die ersten und 
zweiten PulscodemodulationsVPulsbreitenmodu- 
lationswandler aus dem Doppeirampentyp beste- 
hen, wobei der Zahler aus dem Aufwarts-/Abwarts- 
typ besteht und Bezugsdigitalworte, die aus der 
zweiten Anzahl (S) niedrigstwertiger Bits bestehen, 
in der Form einer Folge von ansteigenden und ab- 
fallenden Rampen einer im Vergleich mit der mehr- 
fachen Bitrate Fin*k halbierten Frequenz erzeugt. 

4. Pulsbreitenmoduiationsverstarker nach einem der 
vorhergehenden Anspruche, dadurch gekenn- 
zeichnet, daB er unsymmetrisch ist und eine ein- 
zelne Ausgangsleistungsstufe einsetzt. 

5. Pulsbreitenmodulationsverstarker nach einem der 
Anspruche 1 , 2 und 3, der eine zusatzliche Lei- 
stungsstufe aufweist, die in Gegenphase zur ersten 
in einer Bruckenanordnung arbeitet, in der die In- 
version des Treibersignals zum invertierenden Ein- 
gang einer der beiden Leistungsstuf en durch Inver- 
tieren der Pulsbreitenmodulationssignaie realisiert 
wird, die durch das Pulscodemodulations-/Puls- 
breitenmodulationswandlerpaar ausgegeben wer- 



den. 

6. Pulsbreitenmodulationsverstarker nach einem der 
Anspruche 1, 2 und 3, der eine zusatzliche Aus- 

5 gangsleistungsstufe einsetzt, die in Gegenphase 
zur ersten in einer Bruckenanordnung arbeitet und 
in der die Inversion des Treibersignals einer der bei- 
den Leistungsstufen durch Invertieren jedes der er- 
sten und zweiten Busse und Verdoppelung des 

10 Pulscodemodulations-/Pu Isbreitenmodulations- 
wandlerpaares realisiert wird. 

7. Pulsbreitenmodulationsverstarker nach einem der 
Anspruche 1, 2 und 3, der eine zusatzliche Aus- 

15 gangsleistungsstufe einsetzt, die in Gegenphase 
zur ersten in einer Bruckenanordnung arbeitet, in 
der die Inversion des Treibersignals, das dem in- 
vertierenden Eingang einer der beiden Leistungs- 
stufen zugefuhrt wird, durch Verdopplung des Puls- 

20 codemodulations-/Pulsbreitenmodulationswand- 

lerpaares realisiert wird, wobei die Eingange der 
beiden Wandler, die das verdoppelte zweite Puls- 
codemodulations-/Pulsbreitenmodulationswand- 
lerpaar biiden mit dem ersten und zweiten Bus ge- 

25 koppelt werden, ohne sie vorbeugend zu invertie- 
ren, sondern stattdessen die Rampen-lnversions- 
befehle (Fup-down) der beiden Pulscodemodulati- 
onsVPulsbreitenmodulationswandler des verdop- 
pelten Paars invertiert werden. 

30 

8. Verstarker nach Anspruch 7, dadurch gekenn- 
zeichnet, daB er auf3erdem eine Einrichtung zum 
Invertieren der Pulsbreitenmodulationssignaie, die 
durch die Pu!scodemodulations-/Pulsbreitenmodu- 

35 lationswandier der beiden Wandlerpaare ausgege- 
ben werden, die mit den niedrigstwertigen Bits 
(LSBdig) beliefert werden, eine zweite Dampfungs- 
einrichtung (RLSB2+RLSB1 -) der invertierten Si- 
gnale und eine Einrichtung zum jeweiligen Summie- 

40 ren der invertierten und gedampften Signale am in- 
vertierenden Eingangsknoten zu den Signalen auf- 
weist, die durch den anderen Pulscodemodulati- 
ons-/Pulsbreitenmodulationswandler des jeweili- 
gen Wandlerpaars erzeugt werden. 

45 

Revendications 

1. Amplificateur de puissance numerique PWM d'en- 
50 tree comprenant : 

un circuit de sur-echantillonnage et de mise en 
forme de bruit recevant des donnees d'entree 
numeriques modulees par impulsions cod6es 
55 (PCM) organisees en mots d'un premier nom- 

bre M de bits a un certain d6bit Fin et fournis- 
sant des donnees num6riques modules par 
impulsions cod6es organisees en mots d'un 
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plus petit nombre N de bits a un ctebit de bits 
multiple Fin*K ; 

un premier bus transmettant un premier nom- 
bre (P) de bits les plus significatifs (MSB) des 
mots a N bits fournis a partir du premier circuit 
et un second bus transmettant un second nom- 
bre (S) de bits les moins significatifs (LSB) des- 
dits mots a N bits fournis par le premier circuit ; 
des premier et second convertisseurs PCM/ 
PWM, recevant respectivement les premier et 
second nombres de bits transmis par les pre- 
mier et second bus, chaque convertisseur con- 
tenant un compteur pilote par un signal d'hor- 
loge (Fclock) de frequence egale au produit du 
debit de bits Fin*K des MSB et LSB transmis 
sur le bus respectif et la surelevation en base 
2 au nombre respectif de bits (P, S) produisant 
des mots numeriques de reference constitues 
du nombre respectif de bits (P, S) definissant 
des rampes de valeurs numeriques de frequen- 
ce identique au debit de bits multiple Fin*K, et 
un comparateur nume>ique recevant par une 
premiere entree les mots numeriques de refe- 
rence et par une seconde entree les premier et 
second nombres respectifs de bits (MSB, LSB) 
et fournissant un signal PWM respectif (MSB- 
dig, LSBdig) ; 

le signal PWM (MSBdig) fourni par le premier 
convertisseur etant somme en une version at- 
t6nuee du signal PWM (LSBdig) fourni par le 
second convertisseur sur le noeud d'entree in- 
verseur (-) d'un etage de puissance de sortie. 

2. Amplificateur PWM selon la revendication 1 , carac- 
terise en ce que des premier et second convertis- 
seurs PCM/PWM sont du type a rampe unique. 

3. Amplificateur PWM selon la revendication 1 , carac- 
terise en ce que les premier et second convertis- 
seurs PCM/PWM sont du type a double rampe, le 
compteur etant du type compteur/decompteur et 
produisant des mots numeriques de reference 
constitues du second nombre (S) de bits le moins 
significatif sous forme d'une succession de rampes 
montantes et descendantes de frequence moitie 
par rapport au d6bit de bits multiple Fin*k. 

4. Amplificateur PWM selon Tune queiconque des re- 
vendications precedentes, caracterise en ce qu'il 
est a une seule borne et utilise un seul etage de 
puissance de sortie. 

5. Amplificateur PWM selon Tune queiconque des re- 
vendications 1 , 2 et 3, ayant un etage de puissance 
de sortie supplementaire fonctionnant en opposi- 
tion de phase par rapport au premier selon un mon- 
tage en pont dans lequel I'inversion du signal pilote 
vers I'entr6e inverseuse de Tun des deux stages de 



puissance est realisee en inversant les signaux 
PWM de sortie fournis par la paire de convertis- 
seurs PCM/PWM. 

5 6. Amplificateur PWM selon i'une queiconque des re- 
vendications 1 , 2 et 3, utilisant un etage de sortie 
supplementaire fonctionnant en oppositi on de pha- 
se par rapport au premierselon un montage en pont 
et dans lequel I'inversion du signal pilote de Tun des 

10 deux stages de puissance est realised en inversant 
chacun des premier et second bus et en dupliquant 
la paire de convertisseurs PCM/PWM. 

7. Amplificateur PWM selon I'une queiconque des re- 
15 vendications 1 , 2 et 3, utilisant un etage de puissan- 
ce de sortie supplementaire fonctionnant en oppo- 
sition de phase par rapport au premier selon un 
montage en pont dans lequel I'inversion du signal 
pilote fourni a I'entree inverseuse de I'un des deux 
20 stages de puissance est realisee en dupliquant la 
paire de convertisseurs PCM/PWM, en couplant les 
entrees des deux convertisseurs formant la secon- 
de paire dupliqu6e de convertisseurs PCM/PWM 
aux premier et second bus, sans les inverser de fa- 
25 con preventive mais en inversant au lieu de cela les 
commandes d'inversion de rampe (Fup-dowm) des 
deux convertisseurs PCM/PWM de la paire dupli- 
quee. 

30 8. Amplificateur selon la revendication 7, caracterise 
en ce qu'il comprend egalement un moyen pour in- 
verser les signaux PWM fournis par les convertis- 
seurs PCM/PWM des deux paires de convertis- 
seurs qui recoivent les bits les moins significatifs 

35 (LSBdig), un second moyen d'attenuation 
(RLSB2+RLSB1) des signaux inverses, et un 
moyen poursommer respectivement les signaux in- 
verses et attenues sur le noeud d'entree inverseur 
en les signaux produits par I'autre convertisseur 

40 PCM/PWM de la paire respective de convertis- 
seurs. 
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Description 

[0001] The present invention is a PWM power ampliu- 
ci, specifically a digital input PWM power amplifier. 
[0002] The general trend to reduce energy consump- $ 
tion and the weight and overall dimension represented 
by heatsinks has stimulated the request of equipment 
manufacturers for audio power amplifiers with greater 
efficiency than H AB" class amplifiers. 
[0003] To meet these requests audio amplifiers in 
class D have been proposed which comprises a DC-AC 
converter circuit which produces a pulse width modulated 
(PWM) output signal; said PWM signal in turn drives pow- 
er switches which drive a load provided with a passive 
filter for the reconstruction of the amplified audio signal. 
[0004] A single output amplifier with analogue input 
and PWM output (class-D amplifier) is described in the 
article "Analysis of a quality class-D amplifier", F.A. Him- 
melstoss, et a!., I.E.E.E. Transactions on Consumer 
Electronics, Vol. 42, No. 3, August 1996. 
[0005] Widening interest in the digital processing of 
signals has lead to the manufacture of power amplifiers 
with digital input instead of analogue input. Said digital 
input power amplifiers include PCM/PWM converters ca- 
pable of converting a PCM digital signal into a PWM dig- 
ital signal, a final stage of power amplification receiving 
the PWM digital signal and generating an amplified PWM 
analogue output signal that drives a load provided with 
a passive filter for the reconstruction of the amplified au- 
dio signal. The PCM/PWM converter comprises a coun- 
ter fed by a clock signal and generating digital compari- 
son words and a digital comparator receiving the digital 
comparison words through a first input and the PCM dig- 
ital signal through a second input and producing a digital 
PWM signal in output. 

[0006] In a power amplifier of the above type, the de- 
vice for generating the clock signal needed for the 
PCM/PWM conversion of the digital signal in input is typ- 
ically made up of a PLL clock generator (phase locked) 
which, in per se known way, consists of a loop structure 
comprising a phase comparator, a filter, a volume con- 
trolled oscillator, a frequency divider. 
[0007] A PLL clock generator nevertheless presents a 
complex structure and is affected by various types of 
noise above all in virtue of the presence of the phase 
comparator. 

[0008] WO 0035095 discloses a digital-to-analog con- 
verter for converting M-bit digital input value into an an- 
alog output signal by separately processing the (M-N) 
number of most significant bits and the N number of least 
significant bits of the M-bit digital input values. 
[0009] US 6066988 discloses a phase locked loop cir- 
cuit including a reset signal generating circuit for gener- 
ating a reference clock signal and a reset signal from an 
input clock signal. 

[0010] EP 711036 discloses a variable delay circuit 
comprising a high speed clock generator receiving a trig- 
ger signal and outputting a pulse signal after a desired 



time interval from rising of the trigger signal and a coarse 
delay signal generator. 

[0011] EP 457496 discloses a digital-to-analog con- 
verter suitable for a pulse width modulation system for 
converting input digital data into PWM signals and finally 
into an analog signal. The converter comprises PWM sig- 
nal generation means which divides the sampling period 
of the digital data signal into a number m of sampling 
periods and which generates a PUN4 signal with two 
equal pulse widths corresponding to said input digital da- 
ta in each divided sampling period. 
[0012] In view of the state of the technique described, 
the object of the present invention is to present a PWM 
power amplifier provided with a clock generator that at 
least partially eliminates the above mentioned inconven- 
iences. 

[0013] In accordance with the present invention, said 
object is reached by means of a PWM power amplifier 
as defined in claim 1. 

[001 4] Thanks to the present invention a PWM power 
amplifier can be produced provided with a clock gener- 
ator which has a simpler circuit than the known clock 
generator devices and which is less effected by noise in 
comparison with the same known devices. 
[0015] The characteristics and advantages of the 
present invention will appear evident from the following 
detailed description of embodiments thereof, illustrated 
as non-limiting examples in the enclosed drawings, in 
which: 

Figure 1 is a block diagram of the basic structure of 
the PWM power amplifier according to a first embod- 
iment of the present invention; 
Figure 2 is a block diagram of the clock generator of 
the power amplifier in figure 1 ; 
Figure 3 shows the waveforms of the clock generator 
in Figure 2; 

Figure 4 is a circuit diagram of the oscillator of the 
clock generator in Figure 2; 
Figure 5 is a diagram of the interna! structure of each 
of the two PCM/PWM single ramp converters in Fig- 
ure 1; 

Figure 6 shows the operating waveforms of a 

PCM/PWM single ramp converter; 

Figure 7 is a block diagram of the basic structure of 

a power amplifier according to a second embodiment 

of the invention characterized by the use of 

PCM/PWM double ramp converters; 

Figure 8 shows the interna! structure of a PCM/PWM 

double ramp converter; 

Figure 9 shows the operating waveforms of the 
PCM/PWM double ramp converter in Figure 8; 
Figure 10 is a block diagram of the basic structure 
of a power amplifier according to a third embodiment 
of the invention; 

Figure 11 is a block diagram of the basic structure 
of a power amplifier according to a fourth embodi- 
ment of the invention; 
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Figure 12 is a block diagram of the basic structure 
of a power amplifier according to a fifth embodiment 
of the invention; 

Figure 13 is a block diagram of the basic structure 
of a power amplifier according to a sixth embodiment 
of the invention. 

[0016] With reference to Figure 1 a power amplifier 
according to the first embodiment of the present invention 
is shown, in which initially a digital signal In with pulse 
code modulation (PCM) with a number M of bits at bit 
frequency Fin is sent in input to a block 1, where it is 
converted with oversampling techniques and noise shap- 
ing into a digital signal with a number N of bits lowerthan 
the number of bits of the digital signal In (M>N) and with 
a multiple bit frequency, Fin*k, compared to the bit fre- 
quency Fin of the digital signal In. 
[001 7] The N bits that compose the signal in output 
from the block 1 of oversampling and noise shaping are 
subdivided into two distinct buses, a first bus that trans- 
mits a first number P of more significant bits (MSB) and 
a second bus transmitting a number S of less significant 
bits (LSB), so as to form respective digital signals Ip and 
Is at the frequency Fin*k. 

[0018] The digital signals Ip and Is are sent in input to 
two PCM/PWM converters, respectively the digital signal 
Ip is in input to the PCM/PWM converter2 whilethe digital 
signal Is is in input to the PCM/PWM converter 3. The 
PCM/PWM converters 2 and 3 are part of a block 4 of 
conversion of digital data at pulse code modulation 
(PCM) into digital data at pulse width modulation (PWM) 
which also comprises a clock generator 5 suitable for 
producing a signal E at clock frequency Fclock necessary 
for the PCM/PWM conversion of the digital data. 
[0019] The subdivision of the bits of the N bit digital 
signals into which the PCM digital signals in input In at 
M bit are reorganized, enables the use of not exceedingly 
high clockf requencies Fclock in the block 4. In fact, want- 
ing to transform into a PWM signal a PCM signal at 16 
bits at 44.1 kHz without a noticeable deterioration of the 
signal/noise ratio, a sampling clock equal to 
441 00*2 16 =2.8GHz would be necessary, which is a value 
that could not be proposed for the present integrated cir- 
cuits. 

[0020] Another problem overcome by the subdivision 
carried out consists in the fact that the commutation fre- 
quency of the PWM signal in output, which in the example 
taken into consideration is 44.1 kHz, would be too close 
to the maximum frequency to reproduce (generally in an 
audio system at about 20kHz), causing problems of har- 
monic distortion, frequency linearity and signal residues 
at commutation frequency downstream from the low- 
pass reconstruction filter. 

[0021] If a commutation frequency of the PWM signal 
is required far enough from the audio band and consid- 
ering the fact that normally the commutation frequency 
of the PWM amplifiers is between 100kHz and 500kHz, 
for example in the case considered about 



441 00*8=352. 8kHz, and opting for a number of more sig- 
nificant bits (MSB) P=6 and a number of less significant 
bits (LSB) S-6, the clock frequency Fclock will be 
352800*2 6 =22.57MHz, which can be handled with the 
5 present technologies used for the manufacture of inte- 
grated circuits. 

[0022] The clock generator 5 comprises a reset pulse 
generator 6 and an oscillator 7, as can be seen in Figure 
2. The reset pulse generator 6, which can be formed for 

10 example by a one-shot multivibrator, has a square wave 
IG input signal at frequency Fin*k, and generates an IR 
pulse output signal where the pulses are generated at 
each variation of the IG signal, as can be seen Figure 3. 
The signal I R is sent to an input R of the oscillator 7 which 

15 produces in output (OUT) the required clock signal E at 
frequency Fclock. 

[0023] In Figure 4 a possible implementation of the os- 
cillator 7 is shown. The input R of the oscillator 7 is placed 
on the gate terminal of a MOS transistor Mr which has 

20 the source grounded and the drain connected to a termi- 
nal of a capacitor C1 having the otherterminal grounded, 
to the gate terminals of the MOS transistors M1 , M2 being 
part of a first inverter, to the output OUT of the oscillator 
7. The transistors M1 , M2 have the source terminals con- 

25 nected to suitable current generators and the drain ter- 
minals connected to a terminal of a capacitor C2 which 
has the other terminal grounded and connected to the 
gate terminals of two MOS transistors M3, M4 being part 
of a second inverter. The transistors M3, M4 have the 

30 source terminals connected to suitable current genera- 
tors and the drain terminals connected to a terminal of a 
capacitor C3 which has the otherterminal grounded and 
connected to the gate terminals of two MOS transistors 
M5, M6 being part of a third inverter. The transistors M5, 

35 M6 have the source terminals connected to suitable cur- 
rent generators and the drain terminals connected to the 
output OUT. The bulk terminals of the transistors Mr, M2, 
M4, M6 are grounded whilethe bulk terminals of the tran- 
sistors M1, M3, M5 are connected to a voltage supply 

40 Vcc. The transistor Mr brings the clock signal E at fre- 
quency Fclock to a low value when an impulse IR is 
present on its gate terminal, as can be seen in Figure 3; 
in this manner the oscillator 7 can be reset. 
[0024] The functional block diagram and the functional 

45 waveforms valid for each of the two PCM/PWM convert- 
ers 2 and 3 used in the PWM power amplifier in Figure 
1 are shown in Figures 5 and 6; for simplicity only the 
PCM/PWM converter 2 will be described hereinafter. 
[0025] Said PCM/PWM converter 2 is of the single 

50 ramp B type obtained by means of an up-counter, cyclic 
or resettable, powered by the clock signal E at frequency 
Fclock=(Fin*k)*2 p , that is equal to the product of the fre- 
quency of the signal Ip in input to the converter 2 by the 
power in base two of the number of bits P which form the 

55 signal Ip; the clock signal E is obtained by means of the 
clock generators previously described. The ramp B sig- 
nal is compared with the PCM digital signal Ip by a digital 
comparator 8; the result of the comparison is the PWM 
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digital signal Op in output from the converter 2 whose 
duty-cycle is function of the MSB input data and whose 
frequency is Fin*k. In the same manner the PWM digital 
signal Os in output from the converter 3 will have a duty- 
cycle which depends on the LSB input data and whose 
frequency is Fin*k. 

[0026] The PWM digital signal Os in output from the 
converter 3 is attenuated in the block 9 by a ratio equiv- 
alent to the power in base two of the number S of bits 
transmitted to the input of the same converter thereby 
obtaining a signal 0's=Os/(2 s ). The signals Op and O's 
are summed atthe inverting node of a power amplification 
final block 10 (the output stage of the PWM power am- 
plifier) which is the power amplification module function- 
ing in class D described and illustrated in the European 
patent application No. 1 001 526. A reference voltage Vref 
is connected to the non-inverting node of the block 10. 
[0027] The PWM digital signal Op produced by the 
PCM/PWM converter 2 drives the output stage 1 0 deter- 
mining its commutation frequency. The PWM digital sig- 
nal O's drives the block 1 0 with a weight reduced by 1/2 S ; 
in this manner the signal O's modulates the PWM signal 
lout in output from block 1 0 correcting its non-linearity 
and attenuating the noise introduced by the quantization 
to a reduced number P of bits of the PWM digital signal 
Op. 

[0028] The amplified PWM signal lout is sent in input 
to a low-pass filter 11 which provides for the reconstruc- 
tion of the starting audio signal; the signal in output from 
filter 1 1 will be sent to a load 1 2 made up for example by 
a loudspeaker. 

[0029] Hereinafter other embodiments of the present 
invention will be described in which the elements equal 
to the first or to other embodiments will have the same 
references. 

[0030] In Figures 7-9 a PWM power amplifier accord- 
ing to a second embodiment is described which differs 
from the first embodiment in the use of the PCM/PWM 
double ramp converters instead of single ramp convert- 
ers; in this manner the frequency of the PWM signals 
produced in output from the two PCM/PWM 2 and 3 con- 
verters is halved compared to the Fin*k frequency of the 
digital signals Ip an Is in input to the converters 2 and 3. 
[0031 ] The functional block diagram and the functional 
waveforms valid for each of the two PCM/PWM double 
ramp converters 2 and 3 used in the PWM power amplifier 
in Figure 1 are shown in Figures 8 and 9; for simplification 
only the PCM/PWM converter 2 will be described here- 
inafter. 

[0032] Said PCM/PWM converter 2 is of the double 
ramp Z type obtained by means of an up-down counter, 
cyclic or resettable, powered both with the signal of clock 
E at frequency Fclock=(Fin*k)*2 p , that is equal to the 
product of the frequency of the signal Ip in input to the 
converter 2 by the power in base two of the number of 
bits Pthatform the signal Ip (the clock signal E is obtained 
by means of the clock generators previously described), 
and with a second clock signal D at frequency Fup/down 



(produced by a clock generator different from generator 
5) with the frequency Fup/down=Fin*k which synchroniz- 
es the ramp inversions. The double ramp signal Z is com- 
pared with the PCM digital signal Ip by a digital compa- 

5 rator 8; the result of the comparison is the PWM digital 
signal Op in output from converter 2 whose duty-cycle is 
function of the MSB input data and whose frequency is 
Fin*k/2. In the same manner the PWM digital signal Os 
in output from converter 3 will have a duty-cycle which 

io depends on the LSB input data and whose frequency is 
Fin*k/2. 

[0033] The PWM digital signal Os in output from con- 
verter 3 is attenuated in block 9 in a ratio equivalent to 
the power in base two of the numbers of bits transmitted 

15 to the input of the sane converter obtaining a signal 
0's=Os/(2 s ). The signals Op and O's are summed at the 
inverting node of the power amplification final block 1 0. 
[0034] The double ramp converters enable the per- 
formance of the amplifier to be improved from the point 

20 of view of the signal/noise ratio and of the distortion com- 
pared to the use of single ramp converters. 
[0035] The block diagram of a PWM power amplifier 
according to a third embodiment of the invention is shown 
in Figure 10, differing from the second embodiment pre- 

25 viously described only in the presence of an output which 
is no longer single but of bridge type, using two push-pull 
driven output stages 1 01 and 1 02 (with relative low-pass 
filters 1 1 1 and 1 1 2). The signals Op and O's are summed 
at the inverting node of the first output stage 101 while 

30 the signals Opn and O'sn (the signal O'sn is the signal 
Osn attenuated by block 9), which are respectively sig- 
nals Op and O's negated, are summed at the inverting 
node of the output second stage 1 02. The output signals 
of the two stages 1 01 and 1 02 Tout and Tout are sent to 

35 the respective low-pass filters 1 1 1 and 1 12 and the output 
signals of the filters drive the load 12. 
[0036] Figure 1 1 shows the block diagram of a PWM 
power amplifier according to a fourth embodiment of the 
invention which differentiates from the third embodiment 

40 previously described in that it provides for a double ramp 
conversion both for the signals Ip and Is and for the sig- 
nals Ipn and lsn, which are the signals Ip and Is negated, 
by means of further double ramp PCM/PWM converters 
20 and 30, similar to the converters 2 e 3, which supply 

45 in output the signals Opn and Osn. In said case the output 
of the PWM power amplifier is of the phase shift bridge 
type and presents a more complex architecture than that 
in Figure 1 0 but is capable of giving higher performance, 
as Is described in detail and illustrated in the European 

50 patent application No. 1 001526 

[0037] Figure 12 shows the block diagram of a PWM 
power amplifier according to a fifth embodiment of the 
invention which differentiates from the fourth embodi- 
ment previously described in that the signals Opn and 

55 Osn in output from the PCM/PWM converters 20 and 30 
derive not from inverted digital signals Ipn and Isn but by 
inverting the clock signal D at frequency Fup/down of the 
up-down counters of the converters 20 and 30, such as 
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to generate triangular signals in counter-phase between 
each other. 

[0038] Figure 13 shows the block diagram of a PWM 
power amplifier according to a sixth embodiment of the 
invention which differentiates from the fifth embodiment 
previously described because the PWM digital signals 
Op and Opn are summed to twice the respective signals 
O'sl and O'snl which are the signals O's and O'sn at 
double frequency compared to the frequency of the sig- 
nals Op and Opn, at the respective inverting nodes of 
the two output stages 101 and 102. 
[0039] The advantages of said embodiment lie both in 
the fact that the correction signal (relative to the signals 
Os and Osn) can be added, subtracted or can also not 
influence the main drive signal (relative to the signals Op 
and Opn), and in the fact that the correction signal does 
not contain tones at PWM commutation frequency or in 
its proximity (the tones of a band of 20kHz around a 
commutation frequency are returned to base band caus- 
ing an increase in distortion or noise). 
[0040] In the embodiments illustrated in the Figures 
the blocks 9 and 200 can be constituted by simple resis- 
tors or by current generators controlled by the output logic 
signal of the respective PCM/PWM converters. 
[0041] The frequency of the oscillator 7 of the clock 
generator 5 can be varied by continuously changing its 
characteristics; the consequence is a continuous varia- 
tion of the width of the output signal of the PWM amplifier 
due to the variable gain of the PCM/PWM conversion 
block 4. 

[0042] In all the embodiments previously described the 
clock signal E at frequency Fclock is produced by the 
generator 5 of Figure 2. 



Claims 

1. PWM power amplifier comprising at least one 
PCM/PWM converter (2, 3, 20, 30) which is fed by 
PCM digital input signals (Ip, Is) and produces PWM 
digital output signals (Op, Os, Opn, Ops), and at least 
one final stage (1 0, 1 01 , 1 02) of power amplification 
of the PWM digital signals (Op, Os, Opn, Ops) in 
output from said at least one PCM/PWM converter 
(2, 3, 20, 30), said at least one PCM/PWM converter 
(2, 3, 20, 30) comprising a up-counter or up-down 
counter fed with at least one clock signal (E) pro- 
duced by a clock generator device (5) and compris- 
ing a digital comparator (8) suitable for comparing 
said PCM digital input signals (Ip, Is) of said at least 
one PCM/PWM converter (2, 3, 20, 30) with a digital 
comparison signal (B, Z) produced by said up-coun- 
ter or up-down counter and producing in output said 
digital signals PWM (Op, Os, Opn, Ops), character- 
ized in that said clock generator device (5) compris- 
es a pulse generator device (6) and an oscillator (7), 
said pulse generator device (6) receiving a signal at 
a frequency (Fin*k) equal to the frequency of said 



PCM digital input signals (Ip, Is) of said at least one 
PCM/PWM converter (2, 3, 20, 30) and producing 
output reset pulses (IR), said reset pulses (IR) being 
sent to the input of said oscillator (7) producing as 
5 output said at least one clock signal (E). 

2. Amplifier according to claim 1 , characterized in that 

it comprises an oversampling and noise shaping 
block (1) receiving first PCM digital input signals (In) 

10 organized in words with a given number of bits (M) 
and at a given frequency (Fin) and producing as out- 
put second PCM digital signals (Ip, Is) organized in 
words composed of a number of bits (N) lower than 
said given number of bits (M) and at a multiple fre- 

15 quency (Fin*k) with respect to said given frequency 
(Fin) of the first PCM digital input signals (In), said 
second PCM digital signals (Ip, Is) being the PCM 
digital signals in input to said at least one PCM/PWM 
converter (2, 3, 20, 30). 

20 

3. Amplifier according to claim 2, characterized in that 

it comprises a first bus suitable for transmitting first 
digital data PCM (Ip) containing a first number (P) of 
more significant bits (MSB) of said second PCM dig- 
25 ital signals (Ip, Is) and a second bus suitable for 
transmitting second PCM digital data (Is) containing 
a second number (S) of less significant bits (LSB) of 
said second PCM digital signals (Ip, Is), and char- 
acterized in that it foresees a first (2, 20) and a 
30 second (3, 30) PCM/PWM converterfed respectively 
by said first (Ip) and second (Is) PCM digital data 
and producing in output respectively a first (Op, Opn) 
and a second (Os, Osn) PWM signal. 

35 4. Amplifier according to claim 3, characterized in that 
said second signal PWM (Os, Osn) is previously at- 
tenuated by a ratio equivalent to the power in base 
two of the second number (S) of less significant bits 
(LSB) transmitted by said second bus to the input of 
40 said second PCM/PWM converter (3, 30) and is 
summed to said first signal PWM (Op, Opn) at an 
inverting node (-) of said at least one power amplifi- 
cation final stage (10, 101 , 102) of the amplifier. 

45 5. Amplifier according to claim 1, characterized in that 
said at least one clock generator (5) produces a clock 
signal (E) whose frequency (Fclock) equals the prod- 
uct of the frequency (Fin*k) of the bits of the PCM 
digital signals (Ip, Is) as input to said at least one 
50 PCM/PWM converter (2, 3, 20, 30) by the power of 
base two of the number of bits (P, S) of said PCM 
digital signals (Ip, Is) being input to at least one 
PCM/PWM converter (2, 3, 20, 30), said up-counter 
or up-down counter fed by said at least one clock 
55 signal (E) generating a digital comparison output sig- 
nal (B, Z) composed of said number of bits (P, S) in 
the form of at least one ramp of digital values at an 
identical or halved frequency compared to said fre- 



30 
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quency (Fin*k) of bits of the PGM digital signals (Ip, 
Is) in input to the at least one PCM/PWM converter 
(2, 3, 20, 30). 

6. Amplifier according to claim 5, characterized in that 

said digital comparison signal (B) of said at least one 
PCM/PWM converter (2, 3, 20, 30) is in the form of 
a succession of upward ramps of digital values at a 
frequency identical to said frequency (Fin*k) of bits 
of the PCM digital signals (Ip, Is) being input to at 
least one PCM/PWM converter (2, 3, 20, 30). 

7. Amplifier according to claim 5, characterized In that 

said at least one PCM/PWM converter (2, 3, 20, 30) 
is a double ramp type, said (up-down counter being 
of the up/down type, having as input a ramp inversion 
signal (D) and generating as output a digital com- 
parison signal (Z) composed by the number of bits 
(P, S) of said PCM digital signals (Ip, Is) being input 
to at least one PCM/PWM converter (2, 3, 20, 30) 
underthe form of a succession of up and down ramps 
at a halved frequency (Fin*k/2) compared to the fre- 
quency of the PCM digital signals (Ip, Is) being input 
to said at least one PCM/PWM converter (2, 3, 20, 
30). 

8. Amplifier according to the claims 1 or 4, character- 
ized in that it foresees a single power amplification 
final stage (10). 

9. Amplifier according to the claims 1 or 4, character- 
ized in that it foresees two identical power amplifi- 
cation final stages (102, 102) functioning in counter- 
phase and in which the inversion of the signal fed to 
the inverting input of said two final stages is made 
by inverting the PWM digital signal (Op, Os) being 
output from said at least one PCM/PWM converter 
(2, 3). 

10. Amplifier according to the claims 1 or 4, character- 
ized in that it foresees two identical power amplifi- 
cation final stages (1 01 , 1 02) functioning in counter- 
phase and in which the inversion of the signal fed to 
the inverting input (-) of said two final stages (101, 
102) is made by duplicating said at least one 
PCM/PWM converter (2, 3) and inverting the PCM 
digital signals (ip, Is) being input to said at least two 
PCM/PWM converters (2, 3). 

11. Amplifier according to the claims 1 and 4, charac- 
terized in that said at least one clock generator (5) 
produces a clock signal (E) whose frequency 
(Fclock) equals the product of the frequency (Fin*k) 
of the bits of the PCM digital signals (Ip, Is) being 
input to said at least one PCM/PWM converter (2, 3, 
20, 30) by the power of base two of the number of 
bits (P, S) of said PCM digital signals (Ip, Is) being 
input to at least one PCM/PWM converter (2, 3, 20, 



30), said at least one PCM/PWM converter (2, 3, 20, 
30) is a double ramp type, said up-down counter be- 
ing fed by said clock signal (E) and being the up/ 
down type, having as input a ramp inversion signal 

5 (D) and generating as output a digital comparison 
signal (Z) composed of the number of bits (P, S) of 
said PCM digital signals (Ip, Is) being input to at least 
one PCM/PWM converter (2, 3, 20, 30) in the form 
of a succession of up and down ramps at a halved 

io frequency (Fin*k/2) compared to the frequency of 
the PCM digital signals (Ip, Is) being input to said at 
least one PCM/PWM converter (2, 3, 20, 30), and 
characterized in that it foresees two identical power 
amplification final stages (101, 102) functioning in 

15 counterphase and in which the inversion of the signal 
fed to the inverting input (-) of said two final stages 
(101, 012) is made by duplicating said at least one 
PCM/PWM double ramp converter (2, 3) and invert- 
ing the ramp inversion signal (D) of said at least one 

20 PCM/PWM converter (2, 3) and feeding both said at 
least one PCM/PWM converter (2, 3) and its dupli- 
cate (20, 30) with the same PCM input digital signals 
(Ip, Is). 

25 12. Amplifier according to claim 4, characterized in that 
said at least one clock generator (5) produces a clock 
signal (E) whose frequency (Fclock) equals the prod- 
uct of the frequency (Fin*k) of the bits of the PCM 
digital signals (Ip, Is) in input to said at least one 

30 PCM/PWM converter (2, 3, 20, 30) by the power of 
base two of the number of bits (P, S) of said PCM 
digital signals (Ip, Is) being input to at least one 
PCM/PWM converter (2, 3, 20, 30), said at least one 
PCM/PWM converter (2, 3, 20, 30) being double 

35 ramp type, said up-down counter being fed by said 
clock signal (E) and being the up/down type, having 
as input a ramp inversion signal (D) and generating 
in output a digital comparison signal (Z) composed 
of the number of bits (P, S) of said PCM digital signals 

40 (|p, is) being input to at least one PCM/PWM con- 
verter (2, 3, 20, 30) in the form of a succession of up 
and down ramps at a halved frequency (Fin*k/2) 
compared to the frequency of the PCM digital signals 
(Ip, Is) being input to said at least one PCM/PWM 

4 5 converter (2, 3, 20, 30), and characterized in that 
it foresees two identical power amplification final 
stages (101, 102) functioning in counterphase and 
in which the inversion of the signal fed to the inverting 
input (-) of said two final stages (101, 102) is made 

50 by duplicating said couple of PCM/PWM double 
ramp converters (2, 3) and inverting the signal of 
ramp inversion (D) of said couple of PCM/PWM con- 
verters (2, 3) and feeding both said couple of 
PCM/PWM converters (2, 3) and their duplicate (20, 

55 30) with the same PCM digital signals (ip, Is) of said 
first bus and of said second bus. 

13. Amplifier according to claim 12, characterized in 
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that it comprises means for inverting the PWM sig- 
nals (Os, Osn) produced at the output of the 
PCM/PWM converters (3, 30) of said couple (2, 3) 
and its duplicate (20, 30) which are fed with said 
PCM digital signals (Is) containing the less significant 
bits (LSB), means for attenuating (200) the inverted 
PWM signals and means for summing each of said 
PWM signals inverted and attenuated on the invert- 
ing node (-) on which the PWM signals produced by 
the PCM/PWM converters (2, 20) belonging to the 
other one between said couple (2, 3) of converters 
or its duplicate (20, 30) are summed. 

14. Amplifier according to claim 1 , characterized! n that 

said oscillator (7) comprises inverters each formed 
by a couple of MOS transistors (M1, M2; M3, M4; 
M5, M6) and placed in series and in a loop so that 
the input of the first of said inverters is connected 
with the output of the last of said inverters, capacities 
(C1 , C2, C3) in a number equal to that of the inverters 
and each one having a terminal connected to a re- 
spective input of each inverter and the other terminal 
grounded, a transistor MOS (Mr) having as input said 
reset pulses (IR) and the output connected to the 
input of said first inverter. 



Patentanspruche 

1. PCM-Leistungsverstarker mit 

zumindest einem PCM/PWM- Umsetzer (2, 3, 20, 
30), der mit digitalen PCM-Eingangssignalen (Ip, Is) 
gespeist wird und digitale PWM-Ausgangssignale 
(Op, Os, Opn, Ops) erzeugt, und 
zumindest einer Endstufe (10, 101, 102) der Lei- 
stun gsverstarkung der digitalen PWM-Signale (Op, 
Os, Opn, Ops) am Ausgang des zumindest einen 
PCM/PWM-Umsetzers (2, 3, 20, 30), 
wobei der zumindest eine PCM/PWM-Umsetzer (2, 
3, 20, 30): 

einen Aufwart.szahler oder einen Aufwarts/Ab- 
wartszahler enthalt, der mit zumindest einem 
Taktsignal (E) gespeist wird, das von einerTak- 
terzeugungsvorrichtung (5) erzeugt wird, und 
einen digitalen Komparator (8) enthalt, der ge- 
eignet ist, die digitalen PCM-Eingangssignale 
(Ip, Is) des zumindest einen PCM/PWM-Umset- 
zers (2, 3, 20, 30) mit einem digitalen Vergleichs- 
signal (B, Z) zu vergleichen, das von dem Auf- 
wartszahler oder Aufwarts/Abwaztszahler er- 
zeugt wurde, und am Ausgang die digitalen 
PWM-Signale (Op, Os, Opn, Ops) zu erzeugen; 

dadurch gekennzeichnet, dass 

die Taktexzeugungsvorrichtung (5) eine Pulserzeu- 
gungsvorrichtung (6) und einen Oszillator (7) enthalt, 
die Puiserzeugungsvorrichtung (6) ein Signal mit ei- 



ner Frequenz (Fin*k) gleich der Frequenz der digi- 
talen PCM-Eingangssignale (Ip, Is) des zumindest 
einen PCM/PWM-Umsetzers (2, 3, 20, 30) empfangt 
und Ausgangsrucksetzpulse (IR) erzeugt, und 
5 die Ausgangsrucksetzpulse (IR) an den Eingang des 
Oszilfators (7) gesendet werden, der das zumindest 
einem Taktsignal (E) ais Ausgabe erzeugt. 

2. Verstarker nach Anspruch 1, dadurch gekenn- 
10 zeichnet, dass er einen Uberabtast- und Rausch- 

formblock (1) enthalt, der ein erstes digitales PCM- 
Eingangssignal (In) empfangt, das in Wortern mit ei- 
ner vorgegebenen Anzahl von Bits (M) bei einer vor- 
gegebenen Frequenz (Fin) organisiert ist, und als 

15 Ausgabe zweite digitale PCM-Signale (Ip, Is) er- 
zeugt, die in Wortern organisiert sind, die aus einer 
kleineren Anzahl von Bits (N) als die vorgegebene 
Anzahl von Bits (M) und mit einer Vielfachfrequenz 
(_Fin*k) relativ zu der vorgegebenen Frequenz (Fin) 

20 des ersten digitalen PCM-Eingangssignals (In) zu- 
sammengesetzt sind, 

wobei die zweiten digitalen PCM-Signale (Ip, Is) die 
digitalen PCM-Signale am Eingang des zumindest 
einen PCM/PWM-Umsetzers (2, 3, 20, 30) sind, 

25 

3. Verstarker nach Anspruch 2, dadurch gekenn- 
zeichnet, dass er enthalt: 

einen ersten Bus, der geeignet Ist, erste digitale 
30 PCM-Daten (Is) zu ubertragen, die eine erste 

Anzahl (P) von hoherwertigen Bits (MSB) der 
zweiten digitalen PCM-Signale (Ip, Is) enthalten, 
und 

einen zweiten Bus, der geeignet ist, zweite di- 
35 gitale PCM-Daten (Ip) zu ubertragen, die eine 

zweite Anzahl (S) von niedrigerwertigen Bits 
(LSB) der zweiten digitalen PCM-Signale (Ip, Is) 
enthalten, und 

dadurch gekennzeichnet, dass er ein erster 
40 (2, 20) und ein zweiter (3, 30) PCM/PWM-Um- 

setzer vorgesehen sind, die Jeweils von den er- 
sten (Ip) bzw. den zweiten (Is) digitalen PCM- 
Daten gespeist werden und am Ausgang jeweils 
ein erstes (Op, Opn) und ein zweites (Os, Osn) 
45 PWM-Signai erzeugen. 

4. Verstarker nach Anspruch 3, dadurch gekenn- 
zeichnet, dass 

das zweite PWM-Signal (Os, Osn) vorher in einem 
50 Verhaltnis gedampft wird, das gleich der Potenz 2 
hoch die zweite Anzahl (S) von niedrigerwertigen 
Bits (LSB) ist, die von dem zweiten Bus zu dem Ein- 
gang des zweiten PCM/PWM-Umsetzers (3, 30) 
ubertragen werden, und 
55 an einem invertierenden Knoten (-) der zumindest 
einen Leistungsverstarkungsendstufe (1 0, 101,1 02) 
des Verstarkers zu dem ersten PWM-Signal (Op, 
Opn) addiert wird. 
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5. Verstarker nach Anspruch 1, dadurch gekenn- 
zeichnet, dass 

der zumindest eine Taktgenerator (5) ein Taktsignal 
(E) erzeugt, dessen Frequenz (Fclock) gleich dem 
Produkt aus der Frequenz (Fin*k) der Bits der digi- 
talen PCM-Signale (Ip, Is) als Eingabe fur den zu- 
mindest einen PCM/PWM-Umsetzer (2, 3, 20, 30) 
und der Potenz 2 hoch die Anzahl der Bits (P, S) der 
digitalen PCM-Signale (Ip, Is) ist, die dem zumindest 
einen PCM/PNM-Umsetzer (2, 3, 20, 30) eingege- 
ben werden, 

wobei der Aufwartszahler oder Aufwarts/Abwarts- 
zahler, der von dem zumindest einen Taktsignal (E) 
gespeistwird, ein digitales Vergleichsausgabesignal 
(B, Z) erzeugt bestehend aus der Anzahl von Bits 
(P, S) in der Form zumindest einer Rampe von Di- 
gitalwerten mit derselben oder der halben Frequenz 
verglichen mit der Frequenz (Fin*k) der Bits der di- 
gitalen PCM-Signale (Ip, Is) am Eingang des zumin- 
dest einen PCM/PWM-Umsetzers (2, 3, 20, 30) 

6. Verstarker nach Anspruch 5, dadurch gekenn- 
zeichnet, dass das digitale Vergleichssignal (B) des 
zumindest einen PCM/PWM-Umsetzers (2, 3, 20, 
30) ausgebildet ist in der Form einer Aufeinanderfol- 
ge von Aufwartsrampen von Digitalwerten mit einer 
Frequenz, die dieselbe ist wie die Frequenz (Fin*k) 
der Bits der digitalen PCM-Signale (ip, Is), die dem 
zumindest einen PCM/PWM-Clmsetzex (2, 3, 20, 
30) eingegeben werden 

7. Verstarker nach Anspruch 5, dadurch gekenn- 
zeichnet, dass 

der zumindest eine PCM/PWM-Umsetzer (2, 3, 20, 
30) ein Doppelrampentyp ist, 
der Aufwarts/Abwartszahler vom Aufwarts/Abwarts- 
typ ist, als Eingabe ein Rampeninversionssignal (D) 
hat und als Ausgabe ein digitales Vergleichssignal 
(Z) erzeugt bestehend aus der Anzahl von Bits (P, 
S) der digitalen PCM-Signale (Ip, Is), die dem zu- 
mindest einen PCM/PWM-Umsetzer (2, 3, 20, 30) 
eingegeben werden, in der Form einer Aufeinander- 
foige von Aufwarts- und Abwartsrampen bei einer 
halben Frequenz (Fin*k/2) verglichen mit der Fre- 
quenz der digitalen PCM-Signale (Ip, Is), die dem 
zumindest einen PCM/PWM-Umsetzer (2, 3, 20, 30) 
eingegeben werden. 

8. Verstarker nach Anspruch 1 Oder 4, dadurch ge- 
kennzeichnet, dass eine einzige Leistungsverstax- 
kungsendstufe (1 0) vorgesehen ist. 

9. Verstarker nach Anspruch 1 oder 4, dadurch ge- 
kennzeichnet, dass zwei identische Leistungsver- 
starkungsendstufen (1 01 , 1 02) vorgesehen sind, die 
im Gegentaktarbeiten und bei denen das Invertieren 
des Signals, das dem invertierenden Eingang der 
zwei Endstufen zugefuhrt wird, geschieht durch In- 



vertieren des digitalen PWM-Signals (Op, Os), das 
von dem zumindest einen PCM/PWM-Umsetzer (2, 
3) ausgegeben wird, 

5 10. Verstarker nach Anspruch 1 oder 4, dadurch ge- 
kennzeichnet, dass zwei identische Leistungsver- 

starkungsendstufen (101 , 102) vorgesehen sind, die 

im Gegentakt arbeiten und bei denen das Invertieren 
des Signals, das dem invertierenden Eingang (-) der 

10 zwei Endstufen (101, 102) zugefuhrt wird, geschieht 
durch Verdoppeln des zumindest einen PCM/PWM- 
Umsetzer (2, 3) und Invertieren der digitalen PCM- 
Signale (Ip, Is), die dem zumindest einen 
PCM/PWM-Umsetzer (2, 3) eingegeben werden. 

15 

11. Verstarker nach Anspruch 1 und 4, dadurch ge- 
kennzeichnet, dass 

der zumindest eine Taktgenerator (5) ein Taktsignal 
(E) erzeugt, dessen Frequenz (Fclock) gleich dem 

20 Produkt aus der Frequenz (Fin*k) der Bits der digi- 
talen PCM-Signale (Ip, Is), die dem zumindest einen 
PCM/PWM-Umsetzer (2, 3, 20, 30) eingegeben wer- 
den, und der Potenz 2 hoch die Anzahl der Bits (P, 
S) der digitalen PCM-Signale (Ip, Is) ist, die dem zu- 

25 mindest einen PCM/PWM-Umsetzer (2, 3, 20, 30) 
eingegeben werden, 

der zumindest eine PCM/PWM-Umsetzer (2, 3, 20, 
30) ein Doppelrampentyp ist, 
derAufwarts/Abwartszahier, der von dem Taktsignal 

30 (E) gespeist ist und vom Aufwarts/Abwartstyp ist, als 
Eingabe ein Rampeninversionssignal (D) hat und als 
Ausgabe ein digitales Vergleichssignal (Z) erzeugt 
bestehend aus der Anzahl von Bits (P, S) der digi- 
talen PCM-Signale (Ip, Is), die dem zumindest einen 

35 PCM/PWM-Umsetzer (2, 3, 20, 30) eingegeben wer- 
den, in der Form einer Aufeinanderfolge von Auf- 
warts- und Abwartsrampen bei einer halben Fre- 
quenz (Fin*k/2) verglichen mit der Frequenz der di- 
gitalen PCM-Signale (Ip, Is), die dem zumindest ei- 

^o nen PCM/PWM-Umsetzer (2, 3, 20, 30) eingegeben 
werden, und 

dadurch gekennzeichnet, dass zwei identische 
Leistungsverstarkungsendst.ufen (1 01 , A02) vorge- 
sehen sind, die im Gegentakt arbeiten und bei denen 

45 das Invertieren des Signals, das dem invertierenden 
Eingang (-) der zwei Endstufen (101, 102) zugefuhrt 
wird, geschieht durch Verdoppeln des zumindest ei- 
nen PCM/PWM-Doppelrampenumsetzers (2, 3) und 
Invertieren des Rampeninversionssignals (D) des 

50 zumindest einen PCM/PWM-Umsetzers (2, 3) und 
Speisen sowohl des zumindest einen PCM/PWM- 
Umsetzers (2, 3) als auch seines Duplikats (20, 30) 
mit denselben digitalen PCM-Signalen (Ip, Is). 

55 12. Verstarker nach Anspruch 4, dadurch gekenn- 
zeichnet, dass 

der zumindest eine Taktgenerator (5) ein Taktsignal 
(E) erzeugt, dessen Frequenz (Fclock) gleich dem 
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Produkt aus der Frequenz (Fin*k) der Bits des digi- 
talen PCM-Signals (Ip, Is) am Eingang des zumin- 
dest einen PCM/PWM-Umsetzers (2, 3, 20, 30) und 
der Potenz 2 hoch die Anzah! der Bits (P, S) der 
digitalen PCM-Signai.e (Ip, Is) ist, die dem zumindest 
einen PCM/PWM-Umsetzer (2, 3, 20, 30) eingege- 
ben werden, 

der zumindest erne PCM/PWM-Umset.zer (2, 3, 20, 
30) ein Doppelrampentyp ist, 
der Aufwarts/Abwartszahler, dervon demTaktsignal 
(E) gespeist ist und vom Aufwa rts/Abwa rtstyp ist, als 
Eingabe ein Rampeninversionssignal (D) hat und als 
Ausgabe ein digitales Vergleichssignal (Z) erzeugt 
bestehend aus der Anzahl von Bits (P, S) der digi- 
talen PCM-Signale (Ip, Is), die dem zumindest einen 
PCM/PWM-Umsetzer (2, 3, 20, 30) eingegeben wer- 
den, in der Form einer Aufeinanderfolge von Auf- 
warts- und Abwartsrampen bei einer halben Fre- 
quenz (Fin*k/2) verglichen mit der Frequenz der di- 
gitalen PCM-Signale (Ip, Is), die dem zumindest ei- 
nen PCM/PWM-Umsetzer (2, 3, 20, 30) eingegeben 
werden, und 

dadurch gekennzeichnet, dass 

zwei identische Leistungsverstarkungsendstufen 
(101,1 02) vorgesehen sind, die im Gegentakt arbei- 
ten und bei denen das Invertieren des Signals, das 
dem invertierenden Eingang (-) der zwei Endstufen 
(101, 1 02) zugefuhrt wird, geschieht durch Verdop- 
peln des Paars von PCM/PWM-Doppelrampenum- 
setzern (2, 3) und Invertieren des Rampeninversi- 
onssignals (D) des Paars von PCM/PWM-Umset- 
zern (2, 3) und Speisen sowohl des Paars von 
PCM/PWM-Umsetzem (2, 3) als auch ihrer Duplika- 
te (20, 30) mit denselben digitalen PCM-Signalen 
(Ip, Is) des ersten Busses und des zweiten Busses. 

13. Verstarker nach Anspruch 12, dadurch gekenn- 
zeichnet, dass er enthalt: 

ein Mitte! zum Invertieren des PWM-Signals 
(Os, Osn), das am Ausgang der PCM/PWM- 
Umsetzer (3, 30) des Paars (2, 3) und seines 
Duplikats (20,30), die mit den digitalen PCM- 
Signalen (Is) gespeist werden, die die niedriger- 
wertigen Bits (LSB) enthalten, 
ein Mittel zum Dampfen (200) der invertierten 
PWM-Signale und 

ein Mittel zum Addieren jedes der PWM-Signa- 
le, die invertiert und gedampft wurden, an dem 
invertierenden Knoten (-), an dem die PWM-Si- 
gnaie, die von zu dem anderen aus dem Paar 
(2, 3) von Umsetzern und seinem Duplikat (20, 
30) gehorenden PCM/PWM-Umsetzern (2, 20) 
erzeugt werden, addiert werden. 

14. Verstarker nach Anspruch 1, dadurch gekenn- 
zeichnet, dass der Osziliator (7) enthalt 
Inverter, von denen jeder aus einem Paar von MOS- 



Transistoren (M1, M2, M3, M4, M5, M6) gebildet ist 
und die in Serie in einer Schleife geschaltet sind, so 
dass der Eingang des ersten Inverters mit dem Aus- 
gang des letzten Inverters verbunden ist, 
5 Kapazitaten (C1 , C2, C3) in der gleichen Anzahl wie 
die Inverter, wobei bei jedem ein Anschluss mit ei- 
nem jeweiligen Eingang jedes Inverters verbunden 
ist und der andere Anschluss mit Masse verbunden 
ist, und 

10 einen MOS-Transistor (Mr), der als Eingabe die 
Rucksetzpulse (IR) hat und dessen Ausgang mit 
dem Eingang des ersten Inverters verbunden ist" 



15 Revendications 

1. Amplificateur de puissance MID comprenant au 
moins un convertisseur MIC/MID (2, 3, 20, 30) qui 
est alimente par des signaux d'entree numeriques 

20 MIC (Ip, Is) et produit des signaux de sortie numeri- 
ques MID (Op, Os, Opn, Ops), et au moins un etage 
final (1 0, 1 01 , 1 02) d'amplification de puissance des 
signaux numeriques MID (Op, Os, Opn, Ops) en sor- 
tie dudit au moins un convertisseur MIC/MID (2, 3, 

25 20, 30), ledit au moins un convertisseur MIC/MID (2, 
3, 20, 30) comprenant un compteurprogressif ou un 
compteur reversible alimente avec au moins un si- 
gnal d'horloge (E) produit par un dispositif de gene- 
rates d'horloge (5) et comprenant un comparateur 

30 numerique (8) approprie pour comparer lesdits si- 
gnaux d'entree numeriques MIC (Ip, Is) dudit au 
moins un convertisseur MIC/MID (2, 3, 20, 30) avec 
un signal de comparaison numerique (B, Z) produit 
par ledit compteur progressif ou ledit compteur re- 

35 versible et produisant en sortie lesdits signaux nu- 
meriques MID (Op, Os, Opn, Ops), 
caracterise en ce que 

ledit dispositif de generateur d'horloge (5) comprend 
un dispositif de generateur d'impulsions (6) et un os- 

40 cillateur (7), ledit dispositif de generateur d'impul- 
sions (6) recevant un signal a une frequence (Fin*k) 
egaie a la frequence desdits signaux d'entree nume- 
riques MIC (Ip, Is) dudit au moins un convertisseur 
MIC/MID (2, 3, 20, 30) et produisant des impulsions 

45 de reinitialisation de sortie (IR), lesdites impulsions 
de reinitialisation (IR) etant envoyes a Pentree dudit 
oscillateur (7) produisant comme sortie ledit au 
moins un signal d'horloge (E). 

50 2. Amplificateur selon la revendication 1, 

caracterise en ce qu'il comprend un bloc de sure- 
chantillonnage et de mise en forme du bruit (1) re- 
cevant des premiers signaux d'entree numeriques 
MIC (In) organises en mots avec un nombre donne 

55 de bits (M) et a une frequence donnee (Fin) et pro- 
duisant comme sortie des deuxiemes signaux nu- 
meriques MIC (Ip, Is) organises en mots composes 
d'un nombre debits (N) inferieur audit nombre donne 
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de bits (M) et a une frequence multiple (Fin*k) par 
rapport a ladite frequence donnee (Fin) des premiers 
signaux d'entree numeriques MIC (In), lesdits 
deuxiemes signaux numeriques MIC (Ip, Is) etant 
les signaux numeriques MIC en entree sur ledit au 
moins un convertisseur MIC/MID (2, 3, 20, 30). 

3. Amplificateur selon la revendication 2, 
caracterise en ce qu'ii comprend un premier bus 
approprie pour transmettre des premieres donnees 
numeriques MIC (Ip) contenant un premier nombre 
(P) de bits de poids fort (MSB) desdits deuxiemes 
signaux numeriques MIC (Ip, Is) et un deuxieme bus 
approprie pour transmettre des deuxiemes donnees 
numeriques MIC (Is) contenant un deuxieme nom- 
bre (S) de bits de poids faible (LSB) desdits deuxie- 
mes signaux numeriques MIC (Ip, Is), et 
caracterise en ce qu'il prevoit des premier (2, 20) 
et deuxieme (3, 30) convertisseurs MIC/MID alimen- 
tes respectivement par lesdites premieres (Ip) et 
deuxiemes (Is) donnees numeriques MIC et produi- 
sant en sortie respectivement des premier (Op, Opn) 
et deuxieme (Os, Osn) signaux MID. 

4. Amplificateur selon la revendication 3, 
caracterise en ce que ledit deuxieme signal MID 
(Os, Osn) est prealablement attenue par un rapport 
equivalent a la puissance en base deux du deuxieme 
nombre (S) de bits de poids faible (LSB) transmis 
par ledit deuxieme bus a I'entree dudit deuxieme 
convertisseur M IC/M ID (3, 30) et est additionne audit 
premier signal MID (Op, Opn) au niveau d'un noeud 
d'inversion (-) dudit au moins un etage final d'ampli- 
fication de puissance (10, 101, 102) de I'ampfifica- 
teur. 

5. Amplificateur selon la revendication 1 , 
caracterise en ce que ledit au moins un generateur 
d'horloge (5) produit un signal d'horloge (E) dont la 
frequence (Fclock) est egale au produit de la fre- 
quence (Fin*k) des bits des signaux numeriques MIC 
(Ip, Is) comme entree sur ledit au moins convertis- 
seur M IC/MID (2, 3, 20, 30) par la frequence de base 
deux du nombre de bits (P, S) desdits signaux nu- 
meriques MIC (Ip, Is) entres sur au moins un con- 
vertisseur MIC/MID (2, 3, 20, 30), ledit compteurpro- 
gressif ou leditcompteur reversible alimente par ledit 
au moins un signal d'horloge (E) generant un signal 
de sortie de comparaison numerique (B, Z) compose 
dudit nombre de bits (P, S) sous !a forme d'au moins 
une rampe de valeurs numeriques a une frequence 
identique ou a une demi-frequence comparee a la- 
dite frequence (Fin*k) de bits des signaux numeri- 
ques MIC (Ip, Is) en entree sur le au moins un con- 
vertisseur MIC/MID (2, 3, 20, 30). 

6. Amplificateur selon la revendication 5, 
caracterise en ce que ledit signal de comparaison 



numerique (B) dudit au moins un convertisseur 
MIC/MID (2, 3, 20, 30) est sous la forme d'une suc- 
cession de rampes montantes de valeurs numeri- 
ques a une frequence identique a ladite frequence 
5 (Fin*k) de bits des signaux numeriques MIC (Ip, Is) 
entres sur au moins un convertisseur MIC/MID (2, 
3, 20, 30). 

7. Amplificateur selon la revendication 5, 
io caracterise en ce que ledit au moins un convertis- 
seur MIC/MID (2, 3, 20, 30) est du type double ram- 
pe, ledit compteur reversible etant du type comp- 
teur/decompteur, ayant comme entree un signal dl- 
nversion de rampe (D) et generant comme sortie un 

?5 signal de comparaison numerique (Z) compose par 
le nombre de bits (P, S) desdits signaux numeriques 
MIC (Ip, Is) entres sur au moins un convertisseur 
MIC/MID (2, 3, 20, 30) sous la forme d'une succes- 
sion de rampes montantes et descendantes a une 
20 demi-frequence (Fin*k/2) comparee a la frequence 
des signaux numeriques MIC (Ip, Is) entres sur ledit 
au moins un convertisseur MIC/MID (2, 3, 20, 30). 

8. Amplificateur selon la revendication 1 ou 4, 

25 caracterise en ce qu'il prevoit un seul etage final 
d'amplification de puissance (10). 

9. Amplificateur selon la revendication 1 ou 4, 
caracterise en ce qu'il prevoit deux etages finaux 

30 d'amplification de puissance identiques (102, 102) 
fonctionnant en phase contraire et ou Pinversion du 
signal envoye vers I'entree d'inversion desdits deux 
etages finaux est effectuee en inversant le signal 
numerique MID (Op, Os) sort! dudit au moins uncon- 

35 vertisseur MIC/MID (2, 3). 

10. Amplificateur selon la revendication 1 ou 4, 
caracterise en ce qu'il prevoit deux etages finaux 
d'amplification de puissance identiques (101, 102) 

40 fonctionnant en phase contraire et ou inversion du 
signal envoye vers I'entree d'inversion (-) desdits 
deux etages finaux (101, 102) est effectuee en du- 
pliquant ledit au moins un convertisseur MIC/MID (2, 
3) et en inversant les signaux numeriques MIC (Ip, 

45 is) entres sur lesdits au moins deux convertisseurs 
MIC/MID (2, 3). 

11. Amplificateur selon les revendications 1 et4, 
caracterise en ce que ledit au moins un generateur 

50 d'horloge (5) produit un signal d'horloge (E) dont la 
frequence (Fclock) est egale au produit de la fre- 
quence (Fin*k) des bits des signaux numeriques MIC 
(Ip, Is) entres sur ledit au moins un convertisseur 
MIC/MID (2, 3, 20, 30) par la puissance de base deux 

55 du nombre de bits (P, S) desdits signaux numeriques 
MIC (Ip, Is) entres sur au moins un convertisseur 
MIC/MID (2, 3, 20, 30), ledit au moins un convertis- 
seur MIC/MID (2, 3, 20, 30) est du type double ram- 
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pe, ledit compteur reversible etant alimente par ledit 
signal d'horloge (E) et etant du type compteur/de- 
compteur, ayant comme entree un signal de diver- 
sion de rampe (D) et generant comme sortie un si- 
gnal de comparaison numerique (Z) compose du 5 
nombre de bits (P, S) desdits signaux numeriques 
MIC (Ip, is) entres sur au moins un convertisseur 
MIC/MID (2, 3, 20, 30) sous la forme d'une succes- 
sion de rampes montantes et descendantes a une 
demi-frequence (Rn*k/2) comparee a la frequence 10 
des signaux numeriques MIC (Ip, Is) entres sur ledit 
au moins un convertisseur MIC/MID (2, 3, 20, 30), et 
caracterise en ce qu'il prevoit deux etages finaux 
d'amplification de puissance identiques (101, 102) 
fonctionnant en phase contraire et ou I'inversion du is 
signal envoye vers I'entree dlnversion (-) desdits 
deux etages finaux (101, 102) est effectuee en du- 
pliquant ledit au moins un convertisseur a double 
rampe MIC/MID (2, 3) et en inversant le signal di- 
version de rampe (D) dudit au moins un convertis- 20 
seur MIC/MID (2, 3) et en alimentant ledit au moins 
un convertisseur MIC/MID (2, 3) et son double (20, 
30) avec les memes signaux numeriques d'entree 
MIC (ip, Is). 

25 

12. Amplificateur selon la revendication 4, 

caracterise en ce que ledit au moins un generateur 
d'horloge (5) produit un signal d'horloge (E) dont la 
frequence (Fciock) est egale au produit de la fre- 
quence (Fin*k) des bits des signaux numeriques MIC 30 
(Ip, Is) en entree sur ledit au moins un convertisseur 
MIC/MID (2, 3, 20, 30) par la puissance de base deux 
du nombre de bits (P, S) desdits signaux numeriques 
MIC (Ip, Is) entres sur au moins un convertisseur 
MIC/MID (2, 3, 20, 30), ledit au moins un convertis- 35 
seur MIC/MID (2, 3, 20, 30) etant du type double 
rampe, ledit compteur reversible etant alimente par 
ledit signal d'horloge (E) et etant du type comp- 
teur/decompteur, ayant comme entree un signal 
diversion de rampe (D) et generant en sortie un 
signal de comparaison numerique (Z) compose du 
nombre de bits (P, S) desdits signaux numeriques 
MIC (Ip, Is) entres sur au moins un convertisseur 
MIC/MID (2, 3, 20, 30) sous la forme d'une succes- 
sion de rampes montantes et descendantes a une 45 
demi-frequence (Fin*k/2) comparee a la frequence 
des signaux numeriques MIC (Ip, Is) entres sur ledit 
au moins un convertisseur MIC/MID (2, 3, 20, 30), et 
caracterise en ce qu'il prevoit deux etages finaux 
d'amplification de puissance identiques (101, 102) so 
fonctionnant en phase contraire et ou I'inversion du 
signal envoye vers I'entree diversion (-) desdits 
deux etages finaux (101, 102) est effectuee en du- 
pliquant ledit couple de convertisseurs a double ram- 
pe MIC/MID (2, 3) et en inversant le signal diversion 55 
de rampe (D) dudit couple de convertisseurs 
MIC/MID (2, 3) et en alimentant ledit couple de con- 
vertisseurs MIC/MID (2, 3) et son double (20, 30) 



avec les memes signaux numeriques MIC (Ip, Is) 
dudit premier bus et dudit deuxieme bus. 

13. Amplificateur selon la revendication 12, 
caracterise en ce qu'il comprend un moyen pour 
inverser les signaux MID (Os, Osn) produits a la sor- 
tie des convertisseurs MIC/MID (3, 30) dudit couple 
(2, 3) et de son double (20, 30) qui sont alimentes 
avec lesdits signaux numeriques MIC (Is) contenant 
les bits de poids faible (LSB), un moyen pour atte- 
nuer (200) les signaux MID inverses et un moyen 
pour additionner chacun desdits signaux MID inver- 
ses et attenues sur le noeud diversion (-) sur lequel 
les signaux MID produits par les convertisseurs 
MIC/MID (2, 20) appartenant a I'autre couple entre 
ledit couple (2, 3) de convertisseurs et son double 
(20, 30) sont additionnes. 

14. Amplificateur selon !a revendication 1, 
caracterise en ce que ledit oscillateur (7) comprend 
des inverseurs, chacun forme par un couple de tran- 
sistors MOS (M1 , M2 ; M3, M4 ; M5, M6) et place en 
serie et dans une boucle de sorte que I'entree du 
premier desdits inverseurs soit reliee a la sortie du 
dernier desdits inverseurs, des capacites (C1, C2, 
C3) dans un nombre egal a celui des inverseurs et 
chacune ayant une borne reliee a une entree res- 
pective de chaque inverseur et I'autre borne mise a 
laterre, un transistor MOS (Mr) ayant comme entree 
lesdites impulsions de reinitialisation (IR) et la sortie 
reliee a I'entree dudit premier inverseur. 
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